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FOREWORD 

This book is compiled for the benefit of all who care for 
and repair motor car electric systems. 

By means of instructions, illustrations and diagrams, we 
have shown how we make tests on various pieces of elec- 
trical apparatus used on motor cars. 

To make these tests as shown in this book, it is absolutely 
necessary that reliable instruments be used. 

We have arranged with the Phillips Engineering Com- 
pany of Dayton, Ohio, to supply their Model 32 test and 
charging set to all of our customers desiring an instrument 
of this kind. 

The Phillips test and charging set was designed to be 
used by motor car mechanics and is reliable in every respect. 

34 leading motor car manufacturers are recommending 
this instrument to their dealers and agents, therefore, we do 
not hesitate in offering it to you. 

All tests illustrated in this book excepting Figure 56 and 
Figure 57 may be made with this instrument and correct 
results will be obtained. 

To all who are in the motor car business we believe this 
book will be of great assistance. 

Our next book will be on 1917 motor car electric systems. 

H. E. PHILLIPS. 






Realizing that nearly every motor car mecbaoic is called 

upon daily to repair or adjust something about the electric 
systems on motor cars, we have gathered the data contained 
in this book and have pictured the tests in a way that they 
Bhoiild be easily understood. 

Electric troubles are easily located and remedied if the 
mechanic understands the simple principles of electricity 
and electric terms. 

To all who are new at this line of work we especially 
recommend our No. 1 book entitled Elementary Electricity, 
Motor Car Electric Systems and Delco Light. This book 
explains the meaning of electric terms in a way that they 
are easily understood. The instruction on elementary elec- 
tricity is such that many of the beat schools in the world 
have adopted this book for their elementary text. 

The operation of an electric system is often compared to 
that of a water system as their operations are similar ia 
nearly every way. Figures 1. 2. 3 and 4 are used to explain 
the first principles of fhe operation of a water system which 
may be compared to that of an electric system. 

In Figure 1, the pump compares with the electric genera- 
tor, the check valve with the cut-out relay, the valve with a 
Bwifch, the pressure gauge with a voltmeter and the tank 
with a storage battery. When the pump is operated and the 
pressure of the pump bscomes greater than that of the 
tank, the check valve opens and water flows to the tank. 

As soon as the pressure of the pump falls below that of 
the tank tha check valve closes and prevents the water in 
the tank from flowing back to the pump and being wasted. 
The pressure gauge shows the pressure in poiwids. 

When an electric generator is operated and the pressure 
of the generator becomes greater than that of the battery, 
the cut-out relay closes and permits current to flow to the 
battery. As soon as the pressure of the generator falls be- 
low that of the battery the cut-out relay opens and prevent* 



the current from the battery flowinar back upon the gen- 
erator and being wasted. 

A voltmeter shows the electric pressure in volts. When 
the valve in the water line is opened, water will flow. When 
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a switch used in an electric system is closed current will 
flow. 

Figure 2 is the same as Figure 1 excepting that two pres- 
sure gauges are used instead of one and the valve is partly 
open. If the pressure gauge nearest to the tank shows 60 
pounds pressure, the pressure shown by the other gauge will 
be less due to the resistance offered to the flow of water by 
the valve which is only partly open. 

The resistance offered to the flow of water by the valve 
in this system compares with poor switch contacts or a high 
resistance joint or connection in an electric system. 
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Figure 3 shows a clog in the pipe. If the valve is all the 
way open the pressure shown by the gauge nearest the 
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|»nk will be much greater than that shown at the other 
Irauge, due to the resistance offered to the flow of water by; 
ihe clog in the pipe. The clog in the pipe of this system | 
Compares with poor joints or connections in an electric' 
iystem. : 
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Figure 4 shows a clog in the pipe from the main line to 
j the tank. If the pump is operating the pressure shown by 
[ the pressure gauge will be extremely high due to the resis- 
tance offered to the flow of water to the tank, by the clog in 
the line. If the pump is not being operated and water is 
^ taken from the tank the pressure shown by the pressure 
? gauge will be extremely low as the clog in the pipe will pre- 
l vent a full flow of water. 

I It often happens with an electric system that when the 
• generator is supplying current for lights or other demands 
\ that the voltage rises extremely high and when the gener- 
l ator is not running, the current then being supplied by the 
' battery, the voltage will be extremely low. 
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When the generator is supplying the current the lightr 
ajre exceptionally bright and when the battery is supplying 
t^e cunient the lights are exceptionally dim. In this case; 
we always find a poor connection in one of the battery lines 
between the switch and storage battery. In the water sys- 
tern the clog in the pipe compares with the poor or loose; 
Ooni^ection in the electric system. 
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Figure 5 shows a number of symbols which are used in 
the various illustrations. A shows a motor or generator 
brusSi. B a field coil. C a motor or generator commutator. 
D shows resistance wire. E shows a cut-out relay. F is a 
push button. G is an ammeter. H is a voltmeter. I and J 
are contacts. K is a storage battery. Study these symbols 
carefully and compare them with those used in the illustra- 
tions. In doing so the illustrations and parts will be more 
easily understood. 
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Figure 6 shows a cranking circuit with the brush lifted. 
When the brush is lowered and comes in contact with the 
commutator the motor will operate. The upper brush acts 
as a starting switch. When the systems being tested are 
of the single wire type, the lower line from the battery to 
the generator or the motor should be considered the same as 
'Ground" or "Frame of Car." This applies to all illustra- 
tions of this nature. 

Figure 7. A switch is used in the cranking circuit show- 
ing the contacts open. When a voltmeter is connected at the 
terminals of the battery as shown, it should always show 
six volts or a little over. In this case the battery is idle. 
This test is of little value as it is not an assurance that the 
battery is charged or is good. 

A battery while idle may show a pressure of six volts 
and when put under a load the voltage will drop excessively. 
Should the voltage drop excessively the battery is weak due 
to discharge or may be defective. 

8 




Figure 8. This shows the starting switch closed and the 
iroltmeter connected across the terminals of the battery. If 



iT^hen the starting switch is closed the voltage drops ex 
sively, the battery is at fault and the trouble is likely to 
a discharged or defective battery. If the voltage drop is m 
over IV^ volts the battery is all right. 





Figure 9. This shows the starting switch closed and 
three positions of the voltmeter connected across the tei^ 
minals of single cells. If the voltage dropped extremely low 
when making test as shown in Figure 8, then tests as shown 
in Figure 9 should be made, taking voltage of each ceB 
separately., 1 

If the voltage of all cells is low then it is likely that thfe 
battery is weak due to discharge. If part of the cells show 
the voltage to be all right and others show low voltage it is 
likely that the ones showing low voltage are defective. To 
be sure of this, first try charging the low cells individually 
and see if they can be brought up to a charged condition. 
Then make test again as shown in Figure 9. 
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' Figure 10. This shows the starting switch closed and 
the voltmeter connected to the terminals of the wires at the 
battery. If voltage was all right when test was made at 
the terminals of the battery as shown in Figure 8 and there 
is a decided drop in voltage when test is made as shown in 
Figure 10 the terminal connections at the battery are loose 
or corroded. 

If a corroded condition is found they should be cleaned at 
once. To remove corrosion, first take all of the battery 
bolts, nuts and washers off of the battery and put them in a 
strong solution of cooking soda and water. Let them re- 
main in this solution for 10 or 15 minutes. Then use a stiff 
brush on them and be sure they are clean. 

It may be necessary to scrape them to entirely remove the 
corrosion. After they are cleaned they should be given a 
good coat of vaseline. Clean the terminal posts of the 
battery with the same solution, being careful not to allow 
the solution to get into the battery. Be sure to give all 

U 



terminal parts a good coat of vaseline befoce and after the|: 
^re assembled. Then make test as shown in Fisrure 10 
f*he voltage drop should not be excessive. 
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Figure 11. This shows the starting switch closed and the 
voltmeter connected to one side of the battery and to one 
side of the switch. If the drop in voltage is great at this 
point, it is likely that the switch contacts are bad. To deter- 
mine this, make test as shown in Figure 12. 

Figure 12. This shows the starting switch open and the 
voltmeter connected across the terminals of the starting 
switch. The voltmeter should show the full voltage of th^ 
battei-y. Then make test as shown in Figure 13. 

Figure 13. This shows the voltmeter connected across 
the terminals of the starting switch and the starting switch 
closed. When the starting switch is closed, the voltmeter 
should not show a reading. If it does show a reading, the 
starting switch contacts are either dirty or defective. 

Figure 14. This shows starting switch closed and volt- 
meter connected to the terminal of the motor and one sid^ 
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of the batlery. If voltage is all right at this point and the 
starter fails to operate properly, it is an indication that tiie 

motor is defective. 
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The troubles may be due to worn out motor brushes, 
brushes stuck up in holders, brushes not properly fitted to 
the commutator, weak brush spring tension, dirty commu- 
tator, high micas, low segments, loose or poorly soldered 
connections or open field windings. To test for open field 
windings, first make test as shown in Figure 14 and then 
make test as shown in Figure 15. 

Figure 15. This shows the voltmeter connected to the 
brush end of the field coil and to the battery. If voltage wds 
all right when test was made as shown in Figure 14 artd 
voltage is low or no voltage at all is shown in test Figuife 
15, the field coil is open or there are loose or poorly solder^ 
connections to the field coil. ; * 

Be careful to note the position of the starting switch $t 
all times. WHEN VOLTAGE TESTS are made the start- 
ing switch should be closed. 
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Figure 16^ This showii the starting switch closed and the 
voltmeter connected at the brushes of the starting motor. 
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If voltage is all right at this point, then inspect the condi* 
tions of the commutator and brushes as described under 
Figure 14. 
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Figure 17. This shows starting switch closed and the 
voltmeter connected to the ground terminal of the battery 
and the other side of the voltmeter connected to the frame 
of the car. If the voltmeter shows a reading, the ground 
connection at the frame of the car is poor. 

Remove the battery ground connection to the frame of the 
car and clean the connection as well as the frame of the 
car at the point where the connection is to be made. Then 
give the cleaned surfaces a good coat of white lead. Attach 
the terminal to frame of car and be sure that a good tight 
connection is made. Make test over again. Voltmeter wiD 
not show a reading then. 

Figure 18. This shows a method of testing a storage bat^ 
tpry. To make this test, first secure 9 feet of No. 16 soft 
iron wire and wind it in the form of a spiral spring. Then 
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stretch the spring so that when the ends are released that 
no two coils of the spring touch each other and short out a 
part of the wire. This may be used as a resistance unit* 
Then connect voltmeter as shown. 

The voltmeter should indicate six volts or a little over. 
Leaving the voltmeter connected to the terminals of the 
battery, connect resistance unit as shown. If a decided drop 
in voltage is noted, the battery is either weak due to dis- 
charge or bad cells exist. 

Figure 19. This shows three positions of the voltmeter 
connected to a single cell. Leaving the resistance unit con- 
nected to the battery as shown in Figure 18, test each cell 
for voltage separately. If voltage of all cells is alike the 
trouble is likely due to discharge. If the voltage of one 
or two cells is extremely low, it indicates bad cells. 

Unless you are experienced in battery repairing it is best 
to take the battery to a battery service station. When the 
resistance unit is connected at the terminals of the battery 

17 
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as shown in Figure 18 and Figure 19 the battery is beiOig 
discharged at about a 30 ampere rate. 

Figure 20. This shows a generator wired to a battery 
with an ammeter connected in series with them and a voli- 
meter connected across the lines between the generator and 
the battery. The circuit is completed by hand in this case. 
In many systems when the ignition switch is turned to the 
"ON'* position it also causes these contacts to close. 

The voltmeter shows the pressure of the generator and 
the ammeter indicates the output of the generator. Con- 
nected as shown it will not indicate discharge of the battery 
for lights or horn. 

Figure 21. This shows a generator wired to a battel^. 
Contacts are closed by hand. Note the dotted line between 
generator terminals. Field regulators should be connected 
to these two terminals in all generators where this dotted 
line appears between these terminals. 

Figure 22. This shows a generator wired to a battery 
with a cut-out relay connected in one side of the line. The 
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cut-out relay takes the place of the contacts in the two pre- 
ceding figures and is automatic. In this sketch "A" is the 
voltage winding, **B" is the primary winding and "C" is the 
contacts. 

Figure 23. This diagram is the same as Figure 22, ex- 
cepting that the cut-out relay contacts are closed. The cut- 
out relay closes the circuit between the generator and the 
storage battery when the generator voltage is high enough 
to charge the battery. 

It also opens the circuit as the generator slows down and 
its voltage becomes less than that of the battery, thus pre- 
venting the battery discharging back through the genera- 
tor. The cut-out relay is an electro magnet with a com- 
pound winding. The fine voltage winding is connected 
directly across the terminals of the generator as shown. 

The primary or course winding is in series with the cir- 
cuit between the generator and the storage battery. The 
contacts are closed and opened at contacts "C (see Fig. 
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22). When the engine is started the generator voltage 
builds up and when it reaches about 7 volts, a current pass- 
ing through the voltage winding produces enough magne- 
tism to overcome the tension spring (see Figure 60), at- 
tracting the armature to the core which caused the contacts 
to close. 

The contacts close the circuit between the generator and 
the storage battery. The current then flowing through the 
coarse winding increased the pull on the armature and give& 
a good contact of low resistance at the contact points. When 
the generator slows down and its voltage drops below that 
of the storage battery, the battery sends a reverse current 
through the coarse wire windings which kills the pull on the 
armature. 

The tension spring then pulls the armature away from 
the core and the contacts are opened and will remain so 
until the generator is operated again. 

Figure 24. This shows a bridge between terminals 'X'^ 
and "F" of the generator. When an external regulator ia 
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used and generator does not generate, make test as shown 
by bringing these terminas together with a piece of wire. 
If generator now generates, the -difficulty lies in the regu- 
lator or circuit to it. If may be said that the regulator cir- 
cuit is open. 

Figure 25. This shows an ammeter connected across the 
primary terminals of the cut-out relay. K, when the genera- 
tor is running and it does not close at the proper time, test 
as shown. If generator is generating the ammeter will show 
a reading. This indicates an open circuit in the primary or 
coarse wire circuit. 

If when armature is pressed and contacts are closed the 
generator charges battery, look for open voltage winding. 

Figure 26. This shows test for open shunt field. Be sure 
to disconnect all wires from the generator. Then use test 
cord from 110- volt circuit with lamp cut in on one side of 
the line as shown. If the lamp bums at all or there is a 
spark when the two pionts are touched as shown the shunt 
field is not open. 
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Figure 27. This shows the ammeter connected near the 
generator terminal which will show the output of the gen- 
erator. In many cases short circuits occur in the lines be- 
tween the generator and the storage battery. First make 
the test as shown which gives the output of the generator. 
Then make test as shown in Figure 28. 

Figure 28. This shows the ammeter connected in the cir- 
cuit between the generator and the storage battery, near 
the battery. This will show the rate the battery is being 
charged. If the generator is generating current at a 15 
ampere rate and the battery is being charged at a much 
lower rate, there is a loss in the line due to short circuits 
or grounds. 

To make these tests be sure that your lights are not burn- 
ing and if ignition is taken from the generator system an 
allowance must be made for that. 

Figure 29. To be sure that a cut-out relay is regulated 
right, connect the voltmeter across the generator terminals. 
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Then have engine running. Watch the voltmeter and cut- 
out relay closely. When the voltage of the generator 
reaches seven volts the cut-out relay should close. 

If the two circuits are all right through the relay, thai 
note the tension of the tension spring. If the relay closet 
too soon, stiffen the tension spring; if it does not close socm 
enough, weaken the tension spmig. Do not change the ten- 
sion of the spring very much at a time. 

While doing this testing it is well to slow the engine dowB 
and then increase the speed slowly, watching the voltmeter 
and cut-out relay closely. 
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Figure 30. This shows the reverse series tjrpe of regu- 
lation. Note that the shunt winding is connected acrosB 
the brushes and that the series is connected in series witk 
the line and generator. When generator is generating the 
current from the generator must pass through the reverse 
series. This produces a bucking effect against the shunt 
winding. 
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As the speed of the engine increases the bucking effect 
increases up to an average speed of 30 miles per hour. At 
that time the bucking effect will not let the shunt field 
build up any higher. It may be said that the generator will 
act as a constant current machine at all speeds above 30 
miles per hour. 

If it is necessary at atiy time to increase the output of the 
generator, short circuit the reverse series. If the generator 
is of the motor generator type, then be sure to remove this 
short circuit before attempting to crank the engine with the 
starter. 
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Figure 31. This shows the mercury operated voltage reg- 
ulator. The most important parts of the voltage regulator 
are as follows: Regulator or magnet coil, mercury tube, 
plunger, resistance wire and mercury. The regulator or 
magnet coil surrounds the upper half of the mercury tube. 
Within the mercury tube is the mercury and plunger. 

Hie plunger is an iron tube with a coil of resistance wire 
wnpped around the lower portion on top of a special insu- 
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lation. One end of the resistance wire is connected to the 
lower end of the tube and the other end is connected to a 
needle carried in the center of the plunger. The lower por- 
tion of the mercury tube is divided by an insulating tube 
into two concentric wells, the plunger tube being partly 
immersed in the outer well and the needle in the inner welL 

The space in the mercury tube above the body of the mer- 
cury is filled with an especially treated oil which serves to 
protest the mercury from oxidization, to lubricate and to 
form a dash pot for the plunger. 

The operation is as follows: In as much as the voltage 
of the storage battery varies with its condition of charge, 
the intensity of the magnetic pull exerted by the regulator 
or magnet coil upon the plunger varies, and causes the 
plunger to move in and out of the mercury. When the 
battery is in a discharged condition the plunger assumes 
a low position in the mercury tube and vice versa. 

When the plunger is at a low position, the coil of resist- 
ance wire carried upon its lower portion is immersed in 
the mercury and as the plunger rises the coil is widthdrawn. 
Now the current to the shunt field of the generator must 
follow a path leading into the outer well of the mercury, 
through the resistance coil wound on the tube to the needle 
carried at the center of the plunger, into the center well of 
the mercury and out of the regulator. 

It will be seen that as the plunger is withdrawn from the 

mercury, more resistance is thrown into this circuit, due to 

the fact that the current must pass through a greater length 

of resistance wire. This greater resistance into the field 

of the generator causes the amount of current flowing to the 

battery to be gradually reduced as the battery nears a state 

of complete charge, until finally the plunger is almost com- 
pletely withdrawn from the mercury, throwing the entire 

length of the resistance coil into the shunt field circuit, 

thus causing a condition of practical electric balance be- 
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tween the battery and the generator, and eliminating any 
possibility of overcharging the battery. 

Figure 31 shows the mercury tube and resistance wire 
that is wound on the plunger. Also shows the regulator or 
magnet coil. 




Figure 32. Shows the vibrating regulator type of regu- 
lation. In this figure is shown a combination cut-out relay 
and vibraing regulator combined in a simplified form so 
they may be easily understood. 

The relay core is shown above the coarse winding. "A" 
is the regulator contacts. "B" is regulator resistance and 
*'C" is the armature of the cut-out relay. The operation of 
the cut-out relay is practically the same as described under 
Figure 23. The regulator is set so as to start to vibrate 
when the output of the generator reaches a certain amount. 

Each time the armature of the regulator is pulled toward 
the core of the regulator, contacts "A" are opened, insert- 
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ing resistance "B" into the circuit. This reduces the cur- 
rent that passes throu^rh the shunt fields. At higher speeds 
the regulator vibrates faster and keeps the resistance in tht 
circuit a greater portion of the time, thus making the gen- 
erator act as a constant current machine at higher speeds. 

Ninety-five per cent of all troubles of a vibrating regu- 
lator occurs at the regulator contacts **A.*' They become 
dirty or burned. If burned, smooth them up ¥dth a fine 
jeweler's file and then finish with real fine sand paper. If 
they are only dirty, use only real fine sand paper. Whei 
doing this work be careful not to change the tension on tht 
springs containing the contacts. 
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Figure 33. This shows the circuits of a generator em- 
ploying third brush regulation. As this is described fully 
under "Third Brush Regulation" in our No. 8 book we are 
omitting it here. 

Figure 34. This shows the lighting wires tapped off tht 
two lines from the generator to the storage battery. Thert 
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is a corroded joint or connection at "A." When the gener- 
ator is running and supplying current to the system the 
lights would be exceptionally bright and when the current 
for the lights is taken from the battery the lights are dim. 
This is due to the corroded or high resistance connection 
M shown. 

Figure 35. This shows a standard lighting circuit with 
the voltmeter connected across the terminals of the battery 
and switch contacts open. The voltmeter indicates the 
battery voltage, battery idle. 

Figure 36. This shows same circuit as in Figure 35, ex- 
cepting that the lighting switch contacts are closed. If 
the battery is good and is charged the voltage should not 
drop 80 as to be noticeable. If it drops when lights are 
turned on, make test as shown in Figure 37. 

Figure 37. This shows same circuit as in Figure 36 en- 
•cpting that three positions of the voltmeter is shown. If 
voltage dropped when making test as shown in Figure 36^ 
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test each cell separately for voltage, being sure to have all 
lights on. If one cell is lower than the rest it may be bad. 
If all cells show a voltage alike, it indicates discharge. 

Figure 38. This shows same circuit as in Figure 37 ex- 
cepting that the voltmeter is bridged across the lights and 
lighting switch. This gives the voltage up to the Hghting 
switch. Full battery voltage should be maintained up to this 
point. 

- Figure 39. This shows same lighting circuits as in Figure 
38 excepting that the lighting switch is in the off position 
and the' voltmeter is connected across the contacts of the 
headlight circuit. The voltmeter should show the full volt- 
age of the battery. 

Figure 40. This shows same lighting circuit as in Figure 
39, excepting that head light switch contacts are closed. 
When head lights are turned on, the voltmeter should not 
give an indication. If it does the switch contacts are bad 
or there is a bad connection in the switch in this circuit. 
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Figure 41. This shows same circuit as in Figure 40 ex- 
cepting that all switch contacts are closed and the voltmeter 



is bridged across the head lights from the switch to the 
opposite side of the line. The voltmeter should show full 
voltage up to this point. 
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Figure 42. This shows same circuit as in Figure 41 ex- 
cepting that the voltmeter is connected directly across the 
head lights. There should not be a drop of over one-half 
volt over that of a reading taken at the terminals of the 
batteiy. If voltage is all right up to this point and the 
light bums exceptionally bright, the voltage of the lamp 
used is too low for the system. 

If he voltage is all right and the lamp bums exceptionally 
dim, the lamp is of too high voltage for the system or is old 
and nearly burned out. 

Figure 43. This shows the primary winding: of an in- 
duction coil as used for ignition purposes connected in series 
with an ammeter and a six-volt storage battery,. This is 
a practical test for open or partially short circuited primary 
winding. 




If ammeter does not show a reading the primary winding 
is open. With the primary winding of an induction coil 
connected in the circuit as shown, about ten amperes will 
flow. This will vary with the different makes of coils. If 
an excessive amount of current flows it indicates a partial 
short circuit of the primary. 

To be sure of this, first take a coil that is good and note 
the amount of current that will flow through the primary. 
Then try the same test with the coil that is to be tested. Be 
sure that the coils used in these tests are of the same make 
and construction. If in doubt at any time as the construc- 
tion of a coil, write its manufacturer for this information. 

Figure 44. In this diagram one side of the circuit is 
connected to one end of the primary of the induction coil 
and the other side of the circuit is connected to the sec- 
ondary winding of the coil. If the voltmeter shows a read- 
ing, these two windings are either connected together in the 
construction of the coil or they are shorted together. In 
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the construction of some coils the primsry and secondary 
are connected tofi:ether while in others they are not con- 
nected. Be sure of this when makinsr tests. Note that in 
Figures 43 and 44 that the secondary is not connected to 
the primary. 

Figure 45. This shows same coil as shown in Figure 44. 
The voltmeter is connected in series with the secondary 
winding and a storage battery. If the storage battery does 
not show a reading the secondary winding is open. If the 
secondary is all right the voltmeter should show a reading 
of about half the voltage of the battery or three volts. 

Figure 4fi. This shows the same test as in Figure 45, 
excepting that the primary and secondary of the induction 
coil are connected together in the construction of the coil. 

Figure 47. This shows a standard battery ignition cir- 
cuit using a timer. Note that the condenser is connected 
across the timer contacts. By making and breaking the 




-<^ 



VOLTMETER 



J iA 

5 .Dj 
:"> 


r^^ 


3 


o 


z :\ 


^fc 


C 




0;X 


§: 








r-i 




-^ 




® 


-§- 



VOLTMETER 



i 








U B 










condenserI > 


[ ) TIMER 


—6- 

Q 


-< 


6 

Q 


6 
o 






FIG 











primary cii-cuit &t the timer contacts and connecting a piece 
of wire to the secondary terminals of the coit as shown a 
spark should be produced at the terminals of the secondary. 
Always be sure to have a condenser connected across the 
point where the circuit Is broken when making these teats. 
Each time the timer is in operation and the contacts open a 
spark should occur at the terminals of the secondary. Have 
a one-fourth inch gap between the secondary terminal and 
the wire. 

Figure 48. This shows the same circuit as in Figure 47, 
excepting that a resistance unit is connected in the circuit. 
A resistance unit is used in nearly all battery or generator 
ignition systems. It serves to regulate the flow of current • 
used for ignition and protects the coil if switch is left on 
and the engine is not running. 

To test the condenser, first make and break the circuit 
with the timer and note the sparking at the timer contacts. 
Then disconnect one side of the condenser and hold this con- 
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nection away as shown by the dotted line. Now make and 
break the circuit with the timer and note the sparking at 
the timer contacts. If the condenser is good there should be 
considerable difference in the sparking at the timer contacts 
when the condenser is connected and when it is not con- 
nected. 

Figure 49. This shows another method of testing a con- 
denser. If the lamp burns with the wires at "A'' held 
apart, the condenser is short-circuited. If the lamp does 
not bum the condenser is not short-circuited, but it may be 
open-circuited. To determine this, momentarily bring the 
ends of the test wires at "A" together. If the condenser 
is good the spark obtained will be snapping and similar to 
that obtained when a wire is connected across the terminals 
of a storage battery, although much less in volume. If such 
a spark is not obtained the condenser is defective. It 
would be well to compare the resultant spark obtained at 
the wires at "A" with and without the condenser in the 
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circuit. There should be considerable difference in the qual- 
ity of the spark. With the condenser in the circuit the spark 
should be snapping and without arcing. Without the con- 
denser in the circuit an arc should be noted. 

Figure 60. This shows the frame of the cut-out relay. In 
many cases the separating rivet was filed off. This rivet is 
there to prevent the armature from touching the iron core. 
The rivet is either made of German silver, brass or copper. 
These metals are not effected by magnetism. 

If the armature should touch the iron core it would form 
s^ complete magnetic circuit which might cause the relay to 
be slow in opening or it might not open at all. Note that all 
parts of the relay are given names in diagram. 

Figure 51. This shows the frame, contact and armature 
arrangement and the circuit of a standard vibrating circuit 
breaking relay. A circuit breaking relay is so constructed 
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and adjusted that when over a certain amount of current 
flows through it it will vibrate. It takes the place of fuses. 
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Figure 52. This shows a circuit breaking relay in a head 
light circuit and a fuse in another head light circuit. If an 
overload or more than 10 amperes passes through the fuse, 
it will blow and open the circuit and nmst be replaced with 
a new one. The circuit breaking relay is set so as to start 
vibrating when over a certain amount of current is taken 
through it. It will vibrate until the current is turned oflf 
or the amount of current flowing through it is back to the 
amount it is set for. The circuit breaking relay acts as an 
automatic fuse. 

Figure 53. This shows the circuit of a lockout circuit 
breaking relay. Note that there are two windings, a pri- 
mary and a holding coil. The contacts are in a closed posi- 
tion. 
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Figure 54. This shows the same circuits as shown in 
Figure 53, exceptjlng that the relay contacts are open. 
When an overload is put on the relay the armature must 
pull toward the core of the relay, this opening the contacts. 
Before the contacts are opened, current flows only through 
the primary. 

When the contacts open current flows through both wind- 
ings which causes the contacts to be held open. They will 
remain open until current is cut off when the armature will 
be released and the contacts will go back together again and 
will remain so until an excessive amount of current attempts 
to flow through the relay again. 

Figure 55. This shows a storage battery, resistance unit, 
ammeter and wires to be connected to the terminals of a 
circuit breaking relay. To make the resistance unit, secure 
about 30 feet of No. 16 soft iron wire. Wind it in the form 
of a spiral spring and then stretch the spring until when 
released the coils of the. spring do not touch each other. 
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To set the relay to break the circuit when a given amomk 
of current flows through it, proceed as follows: Be Btmk 
that there are no connections between terminal 1 and 2, ifir 
frUfm terminal 2 to the resistance unit. Then connect wiriB 
3 and 4to relay. Now connect a wire to terminal 2. Theh 
touch the other end of this wire to terminal 1 and note the 
reading of the ammeter. 

. L^s than ten amperes will flow. Now touch the wire thi^t 
is connected to terminal 2 to the coils of the resistance ui^ 
as shown at ''A/' ''B/' "C and so on, watching the ammettfr 
each time contact is made. If the relay is to be set to break 
the circuit at 15 amperes, watch the ammeter until a^poii^ 
on the resistance unit is touched when that amount ii flow- 
ing. 

If the relay has a tendency to break the circuit before 3g^ 
amperes is reached, the tension spring should be stiffenef. 
If the relay does not open at 16 amperes the tension sprii^ 
should be weakened until the contacts will open. Then imtt 
again in the same way. 

Do not attach wire from 2 terminal to the resistance ua|t 
at any point. Only touch it to the resistance wire Uag 
enough to get a reading. 

Figure 66 shows method of testing motor and generator 
armature for open circuits. To make this test, proceed m 
follows: Disconnect the field from the armatua^ Connect 
the brushes to a source of current such as single dry ceB 
and have a resistance unit connected in series with tb^ 
source of current and the armature as shown in Figure 6C. 

An ordinary 6-volt, 20-candle power headlight bulb majr 
be used to take the place of a resistance unit. This will al- 
low about one ampere of current to flow. Using the 3-vott 
range of a Western Model 280 Volt-Ammeter, measure be- 
tween adjacent segments of the commutator. 

47 



If an open dicnited cofl is acroes the ends ot the testinir 
cables which are connected to the Vcdt-Ammeter, an indica- 
tion wiD be obtained which is rdativdy iMige as compared 
to that obtained from a good eoSL It is abedntdy necessary 
that good contact be had at the ccMnmotatcnr segments, in 
order that reliable results be obtained. 

Always press butUm as shown in diagram to get voltage 
reading. If onnmatators are dirty or gummed up they 
should be cleaned before maVing these tests. To dean a 
ccMnmotator, first ai^dy kerosene (coal ofl) and allow to re- 
main on commutator for five minutes. Then wipe dry with 
cheese doth. 

Figure 57 shows method of testing a motor or generator 
armature for short circuits. To make this test, proceed as 
follows : Disconnect the fidd from the armature. Connect 
for test as shown in Figure 56 and test for open cireuits as 
already described in the preceding paragraphs on open cir- 
cuits in armatures. 

Now change the connections from the 3-volt range to the 
0. 1, volt range and measure between conmiutator segments. 

If a short circuit exists in any coil the indication obtained, 
when the voltmeter is connected to the ends of that coil, will 
be very much less than the indication obtained from a good 
coil. 

NOTE. This is one of the special cases when the O. 1. 
volt range should be used. If the indication is too large for 
this range, decrease the flow cuiTent from the dry cell by 
inserting a resistance unit of higher resistance or by using a 
head light bulb of a lower candle power. 

The change of resistance must not be too great. If a 
lamp is used, first try a 20-candle power and if the indication 
is too great for the range, try a 16-candle power lamp. 
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f Fi^rure 58. Method of increasing or decreasing the output 
> of a generator employing third brush regulation. Dotted 

line represents the field coil circuit. To increase the output 
' of the generator, move brush "A" toward brush "B." To 

decrease output of the generator, move brush "A" toward 
; brush "C." 

Figure 59.. This shows top view of a cut-out relay with 
primary terminals numbered 1 and 2. No. 3 is the frame 

. or one end of the voltage winding of the relay. To find the 
terminal that the other end of r\e voltage winding is con- 
nected to use a pair of test cc^Js with a lamp in the 

, circuit. Use 110 volts. Touch one end of test cord to frame 

j of relay and the other end to terminal 1 and then to ter* 

'■ minal 2. 

When terminal is touched and lamp bums or a spark is 
', produced, this is the other end of the fine winding. This 
i terminal should be connected to the generator and the other 
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terminal where the light would not light or no spark was 
produced when touched should be connected to the storage 
battery. 

6\ 



**A~ shows contact srru-.g», "B"" taiskn spring, "C" mnn- 
atnre pin and "V is the armature. 




Fig:. 60. This is ust-d !o show a hydrometer. This is 
th'; part that is in the glass barrel of a hydrometer syrinjw. 
The hydromet^.^ is u>itl u> test the specific gravity of the 
eloctrol>-te of storage batteries. Directions for usmg are 
a.s follows: 

Artf;r removing the filling plug from the cover of the 
c'll. compress the rubber bulb of the syringe and insert the 
I-ipette in ths solution of the cell to be tested. Holding th* 
instrument as nearly vertical as possible, gradually lessee 
the ppesBure on the bulb until the electrolyte rising In the 
barrel causes the hydrometer to float 

In general, only enough electrolyte should he drawn to 
float the hydrometer free of the bottom by about one-half 
to tfiree-quarters of an inch. The specific gravity reading 
is taken on the hydrometer at the surface of the dectrolyte 
in the glass barrel. 



: If the electrolyte is below the top of the plates, or so low 
that enough cannot be drawn into the barrel to allow of a 

proper reading of the hydrometer, fill the cell to the proper 
level, by adding pure water; then do not take a reading 
antil the water has been thoroughly mixed with the electro- 
lyte. This can be accomplished by running the engine for 
several hours. 

The specific gravity of the electrolyte is an indication of 
the amount of charge in the battery. In a fully charged 
battery the specific gravity should be from 1.275 to 1.300. 
When the gravity registers from 1.150 to 1.175 the battery 
is practically discharged, and should be recharged. 

If surface of electrolyte is at "A," the gravity of the 

solution is 1.100. If surface of electrolyte is at "B" the 
gravity is 1.150. At "C" it is 1.190. At "D" it is 1.225. 
At "E" it is 1.260. At "F" it is 1.300. At "G" it is 1.320. 

The solution should never test over 1.300 and If it does 
test over 1.300 it should be weakened until it is at or below 
1.300 when battery is fully charged. 

All of the cuts appearing on page are reproductions 

from our number one book. We want to point out the im- 
portance of following these diagramatic instructions. There 
are always two ways of doing work. Here we are showings 
both of them. W^e show the right way to start the cut when 
grooving out micas in a commutator and then show how 
the grooving should be done. First note that a three cor- 
nered file is used to start the slot. Then a hack saw blade 
is used of the proper thickness. The mica should be grooved 
out about .035 inch deep. 

Next we show that the mica must be cut away clean 
which is the right way and then we show the wrong way 
in three different forms. Note this very carefully. If the 
brushes strike the sharp comers of the mica the micas 
will be chipped off and drawn under the brushes which will 
Clause arcing and burning of the conmiutator. 

When sanding conmiutators as shown in the ueid. <L\i^ "^Iwft. 



\ 



armature should be revolving. Use medium fine sand cloth 
and draw the ends back and forth while sanding. Hava 
strip of sand cloth full width of the commutator. Use extra 
fine sand cloth to finish and then polish with a piece of 
cheese cloth. 

Brushes must be well fitted to a commutator to secure the 
best results. In one place we show the proper way to fit a 
brush and then we show we wrong way. This is taken 
from an end view. The total end surface of all brushes 
should be in contact with the commutator. 

Taken from a side view of the commutator we show a 
strip of sand cloth the proper width and then we show in 
the next cut a strip of sand cloth which is too narrow. As 
95% of all generator troubles occur at the commutator or 
the brushes, we want you to give these cuts special atten- 
tion so you will realize the importance in following them. 
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Book No. 1. Elementar? Electricity, Motor Car Electric S7Bt«nw 

Oeleo Lisht. Contains information on the following: Electridtf, 
Mechanical terms and measurements. Electrical terms and measure' 
ments. Ohms law, Watt law. Questions and answers on Ohms Law, 
Qaeations and answers on Watt Law, Voltage drop, Force-Work- 
BnerBy- Power, Transmission of power, Water analogiea, Electric 
cranking' systems, Magirnetism, Queatinns and answers on MagnetiBin, 
Uotors and generators, The Deico Litrht System, Questions and an- 
(wers on motors and generators. The Storage Battery, Voltage testa, 
Qneations and answers on the Storage Battery, Solderiniir, Wire sizes 
and drop, Table of wire sizes for Automobile wiring. Table of wire 
sizes for DeIco Light Wiring, Signs-Symbols, Abbreviations and Gen- 
eral Information. Price 40 cents Postpaid, 

Book No. 2, V>elco Systems. Contains wiring diagrams of all Deleo 
Syatems used on motor cars from 1910 to 191S inclusive. Front view, 
back view and internal circuits cf all switches used with these systems. 
Circuits of all ignition distributors, coils, relays, controller switches 
and internal circuit of all motor generators up to and including 191G 
systems. Complete instruction, written so you can understand it. 
Much of this infi.inialion and diacvams crvnnot be secured from any 
other publisher. Price 40 cents Postpaid. 

Book No. 3. 1016 Delco Syalems, Contains internal circuit wiring 
• liagrams, InfnrniMlinn on l.uhncation of motors and generators. Use 
cjf the Ammeter, Ignition coils and le.-^t, Testing armatures, motors 
and generators. Generating electric energy, Third brush regulation. 
Resistance units and methods of testing them. Checking and timing 
of ignition systems. Price 2-"> cents Postpaid. 
«1 



Book No. 4. Aatomoblle Electric Starters and Electric Systema. 

Contains wiring: dia^ams, complete information and instruction and 
methods of locating: troubles on the following: systems: Allis-Chalihers. 
4twater Kent. Auto-Lite, Bijur, Bosch, Chalmers (Entz), Delco, Dy- 
neto, Westinirhouse, Gray and Davis. Fisher, Leece-Neville, North 
East. Remy, Simms Huff, Splitdorf-Apelco, U. S. L., Warmer and Ward 
Leonard Controller. No other book is so complete and the information 
90 accurate. Price 50 cents Postpaid. 



Book No. 5. Masmetos. Contains information, instruction and wir- 
ing diafrrams of all maenetos that are hard to wire or understand. 
This covers very completely all the following:: Simms, Bosch, Mea, 
Gismann, Remy and Splitdorf magnetos of various types. Price 40 
cents Postpaid. 



Book No. 6. Electric Testinir. This book contains over 60 cuts, 
<iiarram^ and illustrations showing proper methods of making electric 
t;ests. Also shows where and how to connect voltmeters, ammeters, 
resistance units and other testine instruments in electric systems. 
Full explanation accompanies each cut, diagram and illustration. The 
tests illustrated cover starting motors, generators, regulators, various 
types of regulation, switches, batteries, relays and ignition system 
tests. This books will be used as a standard text on testing by over 
500 Y. M. C. A. and independent automobile schools. Price 40 cents 
Postpaid. 



Book No. 7. Internal Circoit and Wiring Diagrams. This book con- 
tains 93 internal circuit and wiring diagrams of the electric systems 
used on 1917 and earlier models of pleasure cars and trucks. Price 
iO cents Postpaid. 



Price of the complete set of 7 books, $2.75 Postpaid. 



These books may be ordered singly or as a complete set at the 
prices given above. 



We want a number of live agents in various states. Shall we 
send our proposition to you? 
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Your K*''<tge or Service Station is not completa without a reliabla 
electric testing instrument We believe that our instruments are tha 
beat to be had at way price. 

Yonr mechanics should have our information books. They wiU 
increase efficiency and decrease your service costs. 



We are pleased to refer you to the 
ear manufacturer in Americ^ 

PHILLIPS TEST SET MODEL 802 



manager of any moto* 




Standard set as described below $25.00. Special set with voltmeter 
reading from to In volt'^ and to 150 volts with satie ammeter, cords 
and Instruction book, $30.00. 

STANDARD MODEL 302 



The voltmeter reads from to 15 volts and the ammeter read* 
from to 30 amperes either way, bein^ known as the center zero 
type. One pair of No. 10 test cord;: and special picture instruction 
book are supplied with each set. No service station or garage is 
complete without this in^^trument. No danger of injuring the in- 
struments if wrong connections are made in testing automobile electric 
systems. If the user allows the ammeter to remain in a circuit too 
long where the drain on the battery is above the scale reading, the 
attachment cords may he burned up. In thin case it will cost $2J)0 
for a new pair. 



THE PHILLIPS TEST AND CHARGING SET^MODEL 32 




Price $30.00 

WHAT IT CONSISTS OF The set consists of the instrument caat 
and two sets of test cords. 

The following: instruments are mounted on the front of the instm- 
raent case: Weston voltmeter, Weston ammeter, four lamp receptacle!, 
and seven jacks. , 

VOLT METER. The volt meter reads from to 50 volts and ca|) 
be used in tiikinp: all voltap:e readings up to 50 volts. 

AMMETEPw. The ammeter reads 30-0-30, beinfi: known as th« 
center zero type. It reads from to 30 to the right and from to 
30 to the left. 

HOW IT HELPS YOU. It is a means of getting all electrical 
troubles quickly and accurately located. 

It does not require an expert electrician to use it. 

It enables the mechanic to quit guessing and to say positively 
WHERE the trouble is, and WHAT it is. 

32 OR 110 VOLT ATTACHMENTS. This attachment is for making 
connection to the 32 or 110 volt light or power circuit. By attaching 
to a 32 or 110 Volt D. C. circuit and inserting resistance lamps in 
the receptacles, current may be used for charging batteries. 

Current may be taken, using one receptacle to make high voltage 
tests for short circuits, open circuits, grounds, etc. 

TEST CORDS. The test cords consist of two No. 10 flexible cables 
and one twin test cord. 

All cords have a plug on one end for plugging into the jacks and 
a spring clip on the other end as a handy means of attaching to 
apparatus to be tested. 

JACKS. The seven jacks in the lower row afford a means of 
making connections between the instruments in the instrument cast 
and the apparatus to be tested. All jacks are marked, making i^i 
eonnections easily understood. 



PHILUPS CHARGING SET 



o 




Model 354. Price $12.00 
INSTRUCTIONS FOR CHARGING STORAGE BATTERIES 
Insert attaehment plug in 32 or 110 volt lamp sorkpt Scraw 
lamps or resistance units in receptsclps. Touch altachment clips to- 
gether. If ammeter hand moves to the ricrht, conned red clip to pdt<- 
itive terminal of the battery. If ammeter hand moves to the left wh«i 
attachment clips are touched together, connect black clip to the positive 
battery terminal. Make this test every time when chare-ini; hatterieF. 
When chartrinK, the ammeter indicates the rate the baltery is beinfc 
chargd. Cnarjiinit rate may be varied by usinp larger or smaller 
lamps or resistance units. Kepp front cover in cabinet when not in 
tue. Direct current mu^t be used. When source of charging current 
ia 32 volts, 5 batteries may be charged at a time. When u=:ina: 110 
volt current. 16 batterira may he c)iart:ed at a time. The instrument 
«aa« is of oak. Size of case, 12 in. long. 8 in. hich and 5 in. deep. 

STOP WASTING YOUR TIME 

Voe Our Test CWpn 




N*. 21-A (Uad Plated) 

PRICES 
Less than Box of Fackaice of Carton »f 
10 10 100 1,000 

- 20c 15c l2Hc UHc 

♦ hy mnil. *"1H 1 «>nt for wich t*»t Hir» rtrH^r twtii^ 
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